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Specification 
Title of the Invention 
GAS SENSOR FOR OUTSIDE AIR INTRODUCING CONTROL 

OF AUTOMOBILE 

Claim 

(1) A gas sensor for an automobile which controls 
introduction of outside air, in which at least one of the 
elements of the group consisting of Re, S, Pb and Ru is 
added to a WO3 thick film. 

Detailed Description of the Invention 
[Industrial Field of Application! 

This invention relates to a gas sensor for an 
automobile which controls introduction of outside air, and 
particularly, relates to the prevention of deterioration 
of the gas sensor with the passage of time, and assuring 
reliable use at high speeds. 
[Prior Art] 

The inventors previously proposed a gas sensor for 
an automobile which controls introduction of outside air 
using WO3 (Japanese Patent Laid-Open No. 177,982/1990). 
The target for detection was set to be the exhaust gas of 
a diesel car instead of the exhaust gas of a gasoline car, 
and was adjusted to have the same sensitivity as the sense 
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of smell of a man with respect to the exhaust gas- 
Further, WO, was used as the material of the gas sensor, 
and both a thick film and a thin film were considered. A 
WO3 thin film having a high initial sensitivity value was 
the main substance considered. However, no additive to WO3 
was considered, and simple WO, was used. 

The is used to detect pollution of the outside air, 
and determine whether the outside air is to be taken into 
the car interior, or the air within the car room is to be 
circulated. The main target for detection is set to be 
the exhaust gas from a vehicle moving forward. In the 
signal processing of the gas sensor, a reference value is 
used, and the pollution of the outside air is detected by 
a variance in sensor output from the reference value. 
Various kinds of methods for obtaining the reference value 
are proposed, but in the recommended method the sensor 
output is sampled at random at intervals of one minute, 
and this sampled sensor output is set to be the reference 
value. In another method, an envelope curve of a sensor 
signal is derived and the reference value is set to be on 
this envelope curve. In any case, it is characteristic of 
this method that not the value of the sensor signal itself, 
but rather the value relative to the reference value is 
used. The value of the sensor output itself is not 
important when using the reference value, and there is no 
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problem even when the value of the sensor output is 
changed. However, the sensitivity (a change width of the 
output before and after contact with the exhaust gas) of 
the sensor to the exhaust gas and a response speed should 
not be reduced. Further, in the control of introduction 
of outside air into the automobile, it is important to 
rapidly detect the pollution of the outside air, and high 
speed response performance is required. 

The inventors have found that the sensitivity and 
the response performance of the sensor are deteriorated 
with the passage of time in the WO^ thin film as a result 
of monitoring changes in characteristics of the gas sensor 
using the WO^ thin film with the passage of time. In 
contrast to this, it has become clear that the 
deterioration with the passage of time is small in the 
thick film of WO3, and the response performance can be 
improved by adding a specific additive to WO3. 
[Object of the Invention] 

An object of this invention is to provide a gas 
sensor for an automobile which controls introduction of 
outside air having reduced deterioration with the passage 
of time and high speed response. 
[Construction of the Invention] 

A gas sensor for an automobile which controls introduction 
of outside air in this invention is characterized in that 
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at least one of the elements of the group consisting of Re, 
S, Pb and Ru is added to a WO, thick film. Tor example, 
the WO3 thick film has a thickness from 5 to 50 ^m, and 
preferably has a thickness from 10 to 20 ^m. The added Re, 
S, Pb and Ru are set to exist as a metal, an oxide or a 
salt. 

The deteriorations of sensitivity and response 
performance with the passage of time can be restrained by 
using the thick film of WO, instead of the thin film of WO,, 
in other words, there is a large difference in durability 
of the thin and thick films of WO3 with regard to 
sensitivity and the response speed. Re, S, Pb and Ru are 
additives for further restraining the deterioration with 
the passage of time or increasing the response speed. For 
example. Re and S are effective to prevent a reduction in 
the response speed. With use of Pb or Ru, the initial 
value of the response speed is high and the deterioration 
of the response performance is small. 
[ Embodiment 1 

si-T-ncnure of oas sensor 

Figs. 20 and 21 show the structure of a gas sensor. 
In these figures, reference numerals 2, 4 and 6 
respectively designate a substrate of alumina, etc., a gas 
sensitive portion formed by adding Re, etc. to a WO3 thick 
film, and a WO3 thick film for compensation. The material 
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of the WO3 thick film 6 is the same as the gas sensitive 
portion 4, or is a thick film of simple WO3. Reference 
numeral 8 designates a glass coat film for shutting out 
the atmosphere. Reference numerals 10, 12 and 14 
designate electrodes. Reference numeral 16 designates a 
heater made of RuO^, etc. In an experiment, no WOj thick 
film 6 for condensation is used unless it is specifically 
called for in a particular case. A load resistor and a 
direct current power source of 5 v are connected to the 
gas sensitive portion 4 of the WO3 thick film, with the 
output to the load resistor being the senisor output. 
Mantifant-tiTe o -F gas sensor 

A manufacturing method of the gas sensor will be 
shown- WO3 powder body (special grade reagent) sold on the 
market is used and burned in air for one hour at 500 
after the WO3 powder body is pulverized so that WO3 powder 
is obtained. The WO3 powder is then printed such that this 
powder has a thickness from 10 to 20 >am. The WO3 powder 
is impregnated with several % by weight of silica sol 
binder and is then burned in the air at 700 ^C. The burned 
WO3 thick film is impregnated with an additive by a nitric 
acid aqueous solution, and is again burned at 700 ''C and 
is set to serve as the gas sensitive portion 4 and the WO, 
thick film 6 for compensation. Sulfur (S) is added by the 
impregnation of dilute sulfuric acid, and platinum acid 
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chloride is used when Pt is added. When Pd is added, an 
aqua regia solution of Pd is used. The aqueous solution 
of the additive is set to 0.03 mol/L in concentration in 
principle in any case, and experiments are performed in a 
range from 0.01 mol/L to 0.1 mol/L. However, it was clear 
with respect to any additive that no dependence on the 
additive concentration is seen and additive concentration 
is not important. In an impregnating method used in the 
experiment, the concentration of 0.03 mol/L is about 0.3 
atm% in atomic percentage of the additive element and 
tungsten (W) , and the additive concentration is in a range 
from 0.1 to 1 atm% { atom percentage ) with respect to W . 
The additive concentration of Re, etc. generally ranges 
from 0.03 to 10 atm% with respect to W/ and concretely 
ranges from 0.05 to 5 atm%, and further concretely ranges 
from 0.05 to 2 atm%- It is considered that the additives 
of Re, etc. mainly exists as oxides. However, it is also 
considered that a portion of this additive exists as a 
salt, or is reduced to a metal and exists as this metal. 
It is further considered that the WO^ thick film is 
partially reduced and exists as WO^.,. 

In contrast, a WO3 thin film (0.64 fX m in film 
thickness) gas sensor was manufactured by vacuum 
evaporation as a comparison example. 
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Figs. 1 to 19 show characteristics of the gas sensor. 
In each figure, a solid line shows an initial value of the 
sensor characteristics, and a broken line shows the sensor 
characteristics after 48 days have passed. The 
composition of material is described in an upper portion 
of each figure, and the impregnation is performed by a 
solution of 0.03 mol/L in concentration in any figure. 
The teit^erature of the gas sensor in use is 300^C in any 
figure/ and the change in characteristics with the passage 
of time is measured after the gas sensor is heated to 300 
*C for 48 days within a room. The axis of ordinate of each 
figure shows a sensor resistor Rs. Four kinds of gas were 
used: 1000 ppm of Hj (for evaluation of inflammable gas 
sensitivity), 1 ppm of NO^ (reference of diesel exhaust 
gas sensitivity), an exhaust gas from a gasoline car 
collected by an air pack and diluted to 5000 ppm (gasoline 
exhaust gas), and an exhaust gas from a diesel car 
collected by the air pack and then diluted to 5000 ppm 
(diesel exhaust gas). The exhaust gas of a gasoline-using 
car is not smelled small amounts, whereas the exhaust gas 
of a diesel-using car is readily smelled. Accordingly, it 
is desirable to set the sensor sensitivity to be high in 
the diesel exhaust gas. Further, the change in 

sensitivity to the gasoline exhaust gas and to the diesel 
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exhaust gas are reverse in direction, one increasing when 
the other decreases, and the sensitivity to the gasoline 
exhaust gas makes the sensitivity to the dies el exhaust 
gas dull. Accordingly, it is desirable to set the 
sensitivity to the gasoline exhaust gas to be low. 

The sensor shown in each figure is shown in Table 1. 
Tabl^ 1 

vigiiT-e number samEle fia£ Change w i th thg passage <?f time 



Fig 



reduction in sensitivity 



Fig. 


2 


WOj/Re 




increase in sensitivity 


Fig. 


3 


WOj/Re 


gasoline 


reduction in sensitivity 


Fig. 


4 


WOj/Re 


diesel 


increase in sensitivity 










and high speed 


response 








Fig. 


5 


WO,/S 


gasoline 


reduction in sensitivity 


Fig. 


6 


WO3/S 


diesel 


high speed response 


Fig. 


7 


WOj/Pb 


gasoline 


reduction in sensitivity 


Fig. 


8 


WOa/Pb 


diesel 


slight reduction 










in sensitivity 


Fig. 


9 


WO3/RU 


gasoline 


no change 


Fig. 


10 


WO3/RU 


diesel 


no change 


Fig. 


11* 


simple WO3 H2 


no change 


Fig. 


12* 


simple 


WO3 NO2 


high speed response 


Fig. 


13* 


simple 


WO3 gasoline reduction in 



sensitivity 
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Fig. 14* simple WO3 diesel reduction in sensitivity 

and low speed 
responsibility 
Fig. 15* WOj/Pt gasoline high sensitivity 

Fig. 16* WOa/Pt diesel low sensitivity 

Fig. 17* WO3/V gasoline high sensitivity 

Fig. 18* WO3/V diese low sensitivity 

Fig. 19* WO3 thin film diesel display of initial 

value and responses after 
20 days and 40 days, and 
reduction in sensitivity 
and low speed 

respons ibility with the 
passage of time 



* Figs. 11 to 19 show comparison examples. 

In the sensors of Figs. 15 to 18 ^ the diesel sensitivity 
is insufficient and only initial characteristics are 
measured. 

No additive is added to the WO3 thin film of Fig. 19^ and 
the others are WO3 thick films having a thickness from 10 
to 20 /jLTCi, and the additive is impregnated with 0.03 mol/L 
of aqueous solution. 

In addition to this, the inventors added Pd and Rh 
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as a material similar to Pt. As a result, similar to Pt, 
the diesel exhaust gas sensitivity is reduced and the 
gasoline exhaust gas sensitivity is increased. Further, 
transition metals such as Fe, Co, Mn, etc. are added in 
addition to V, but the diesel sensitivity is similarly 
reduced and the gasoline sensitivity is increased. The 
added Re, S, Pb and Ru all are materials having low 
catalyst activity, and such a material of low catalyst 
activity is preferable as an additive. 

As can be seen from each figure, in the WO3 thin 
film, the sensitivity of the diesel exhaust gas is reduced 
with the passage of time and the response speed is also 
reduced. In contrast to this, the deterioration of the WO3 
thick film with the passage of time is small, but 
reductions in response speed and sensitivity to the diesel 
exhaust gas are caused in the WO3 thick film having no 
additive (Fig. 14). High sensitivity and high speed 
response to the diesel exhaust gas are seen in WOj/Re (Fig. 
4). In WO3/S (Fig. 6), reduction in sensitivity occurs, 
but effects equal to or greater than the reduction in 
sensitivity are obtained by the high speed response. In 
WOj/Pb (Fig. 8), a slight reduction in sensitivity is 
caused, but the degree is small. Further, in WOj/Ru (Fig. 
10), the diesel sensitivity is stable. The inventors 
changed the additive concentration in a range from a O.Ol 
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mol/L aqueous solution to a 0.1 mol/L aqueous solution. 
However, the results showed that the dependence on the 
additive concentration is small, effects similar to those 
in the case of 0.03 mol/L being obtained. 

In the gas sensor for an automobile which controls 
introduction of outside air, noises are caused by changes 
in wind and ambient temperature and humidity/ etc. To 
compensate for these, it is sufficient to block the 
outside air by the compensation piece formed by WO3 thick 
film 6 for compensation upon which is set a glass coating 
8. Fig. 22 shows the output of the gas responsive 

portion 4 in the actual running of the car, and an output 
Vj/v^ compensated by the compensation piece. is an 

output to a load resistor connected to the compensation 
piece. The arrow of Fig. 22 shows a time point at which a 
rider senses a smell, and various extended noises are in 
the uncompensated output V^. In contrast to this, in the 
compensated output Vj/V^, the number of noises is small and 
the output is clear. 
[Advantage of the Invention] 

The following effects are obtained in the gas sensor 
for an automobile which controls introduction of outside 
air in this invention. 

(1) The sensitivity to the diesel exhaust gas is high and 
the sensitivity to the gasoline exhaust gas is low, and 
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the dies el exhaust gas smelled in small amounts can be 
detected with high sensitivity. 

(2) The sensitivity to the gasoline exhaust gas is low, 
and the diesel exhaust gas can be detected even when both 
the gasoline exhaust gas and the diesel exhaust gas exist. 

(3) Deteriorations of sensitivity and response performance 
with the passage of time are small. 

Brief Description of the Drawings^ 

Figs. 1 to 10 are characteristic views of embodiments. 
Figs. 11 to 19 are characteristic views of a conventional 
example . 

Fig. 20 is a plan view of a gas sensor of an 
embodiment . 

Fig. 21 is a sectional view of this gas sensor. 
Fig. 22 is a characteristic view of the embodiment 
in the actual car running. 
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DRAWINGS 
FIG. 22 

SMELL 
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